Within the QCD light-cone sum rule (LCSR) approach, we investigate the transition form factors of D → a 0 (980) up to the twist-3 light-cone distribution amplitudes (LCDAs) of the scalar meson a 0 (980) in the two-quark picture. Using these form factors, we calculate the differential decay widths and branching ratios of the D → a 0 (980)e + ν e semileptonic decays. We obtain B(D 0 → a The results are sensitive to the a 0 (980) inner structure. These decays can be searched for at BESIII experiment, and any experimental observations will be useful to identify internal quark contents of the a 0 (980) meson, which will shed light on understanding theoretical models.
Introduction
The property of the light scalar meson a 0 (980) has been controversial for over three decades, which is one of the alluring issues in light hadron spectroscopy. Currently two scenarios are suggested [1, 2] . In scenario 1, a 0 (980) is treated as the lowest lyingstates, and a 0 (1450) as the corresponding first excited state. In scenario 2, a 0 (1450) is assumed to be the lowest lyingresonances and the corresponding first excited state lies between (2.0 − 2.3) GeV, while a 0 (980) is taken to be the member of a four-quark nonet. Due to the absence of convincing evidence both experimentally and theoretically [3] [4] [5] [6] , the nature of the isovector states The B decays involving a 0 (980) have been studied extensively [1, 2, [6] [7] [8] , but it is still difficult to draw a conclusion whether a 0 (980) is a 2-quark or a 4-quark state. In order to understand the a 0 (980)) structure, more decays involving a 0 (980) in experiment and more investigations in theoretical methods are needed. In this paper we study the a 0 (980) production in D → a 0 (980) semileptonic decays. The main difficulty is to properly evaluate the hadronic matrix elements for D → a 0 (980) transition. The form factors are generally governed by nonperturbative QCD dynamics. There are several methods to deal with the difficulty, such as the quark model [9] , the light-front approach [10] [11] [12] , QCD sum rule (QCDSR) [13, 14] , light-cone QCD sum rule (LCSR) [15] [16] [17] , perturbative QCD factorization approach [18] [19] [20] . The LCSR approach, which starts with the operator product expansion (OPE) of a two-point correlation function near the light cone x 2 = 0 and with the help of the hadronic dispersion relation and quark-hadron duality, is successfully used to calculate heavy-to-light form factors in the region of small momentum transfer squared, q 2 = (p P − p a 0 (980) ) 2 . In the LCSR approach, the sum rules for the form factors are functions of the light-cone distribution amplitudes (LCDAs) of the scalar meson, which can be expanded into a series of Gegenbaur polynomials. At present, both the twist-2 and twist-3 LCDAs of the scalar mesons have been investigated [1, 21, 22] based on the QCD sum rules. Here we would like to adopt LCSR approach to study the semileptonic
+ ν e and D + → a 0 0 (980)e + ν e , which can give a hint on the inner structure of a 0 (980). We will calculate the branching ratio of these decays under the assumption that a 0 (980) is the lowest lyingstates.
From experimental side, the CLEO-c experiment at the Cornell Electron Storage Ring (CESR) e + e − collider collected a sample of 5.31 × 10 6 DD pairs [23, 24] , and the BESIII experiment at BEPCII has also accumulated a sample of 19.4 × 10 6 DD pairs near the DD threshold [25] [26] [27] . These data samples provide an ideal place to study the D → a 0 (980) semileptonic decays and investigate the nature of the isovector states a 0 (980).
The paper is organized as follows. In Section 2, we briefly introduce the flavor wave functions of a 0 (980) and the Gengenauber moments of twist-2 and twist-3 distribution amplitudes in the QCD sum rules. In section 3, we present the effective Hamiltonian responsible for c → d The last section is reserved for the conclusion. The explicit expressions of the Gengenauber moments of twist-3 distribution amplitudes are collected in the Appendix.
2 Physical properties of a 0 (980)
The scalar a 0 (980) is an isovector state, and its structure is still not well established. There are two possible scenarios for the quark content of a 0 (980), which have been stated in Sec. 1.
In the four-quark scenario, the flavor wave functions of a 0 (980) read [1, 28] 
In thepicture, a 0 (980) is viewed as P-wave state and its flavor wave functions are given by
Up to the leading Fock states, the light-cone distributions of a 0 (980) made up of q 2q1 can be defined as
3)
where q 2q1 denotes the quark content for a 
wheref S is the scalar decay constant, which is determined by 
The light-cone sum rule for D → a 0 (980) transition fac-
tors
In the standard model (SM), the effective Hamiltonian for the c → de
where V cd is the Cabibbo-Kobayashi-Maskawa (CKM) matrix element. In order to calculate the decay amplitude for the semi-leptonic decay of D → a 0 (980) at hadronic level, the hadronic matrix element a 0 (980)(p)|dγ µ γ 5 c|D(p + q) need to be evaluated. Because of parity conservation in strong interaction, the vector current does not contribute. The above matrix element can be parameterized in terms of the form factors f + (q 2 ) and f − (q 2 ) as
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The light-cone sum rules for the form factors f + (q 2 ) and f − (q 2 ) can be obtained by introducing a proper chiral correlator. More explicitly, we adopt the following correlator
With the standard procedure to deal with the correlators which had been used in that of the B → scalar transition form factors [8, [31] [32] [33] [34] [35] , we can arrive at the sum rules for the D → a 0 (980) transition form factor. The light-cone sum rules for the form factors f ± (q 2 ) read
and 
where m e is the mass of electron and the effective region of q 2 is m
As for the differential decay rates for the D + → a and
The condensate parameters are given at the scale µ = 2 GeV, which can be run to any required scales with the evolution equations. we can obtain the decay constants of a 0 (980) and the corresponding Borel windows at the energy scale 1 GeV
The variation of the decay constantf S versus the Borel parameter M 2 are presented in Fig. 1 , where one can see that the decay constant of a 0 (980) is in a good stability against the variation of M 2 within the Borel window. 
Moments for the scalar mesons a 0 (980)
Taking the mass and decay constant for a 0 (980) as input, we can further calculate the moment of the twist-2 distribution amplitude Φ S and the twist-3 distribution amplitudes Φ s S and Φ σ S . In the two-quark picture, the twist-2 distribution amplitude Φ S (u, µ) for a 0 (980) are antisymmetric under the interchange u ↔ 1 − u in the flavor SU (3) limit, so B 0 (µ), B 2 (µ) and B 4 (µ) vanish in that limit. In the following, we will only take into account B 1 (µ) and B 3 (µ), which are given in terms of the moments ξ 
The Borel parameter dependence of the LCSR for form factor f + (0) is shown in Fig. 4 .
Next, we investigate the q 2 -dependence of the form factors f + (q 2 ) and f − (q 2 ) based on the sum rules in Eqs. (3.4) and (3.5) . We adopt the double-pole form to parameterize the form 14) in the kinematical region m Table 1 and Table 2 , where the theoretical uncertainties are caused by varying the Borel parameter M , the threshold value parameter s 0 , the c quark mass, the decay constants and masses of the involved mesons and the Gengenbauer moments for the twist-2 and twist-3 LCDAs of a 0 (980). [38] , one can obtain [1, 6] B(a 0 (980) → ηπ) = 0.845 ± 0.017, (4.17) so the branching ratios B(D → a 0 (980)e + ν e ; a 0 (980) → ηπ) will have values above 10 −4 , which can be observed using the current data samples, such as the sample of DD pairs at CLEO-c and the sample of DD pairs at BESIII. If these decay channels have no signal to be observed or the measurements of the branching ratios disagree with the above predictions, the 2-quark picture for a 0 (980) will be disfavored.
Conclusion
In this work, we study the semileptonic decays of D 0 → a 
